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Abstract 
Titanium aircraft component has been considering difficult-to-cut not only for the poor machinability of material itself but also for the 
complexity of its structure which generally consists of thin-ribs, thin-webs, corners, pockets, etc. Structural features are therefore as important 
as material properties for the selection of cutting tools when machining titanium aircraft components. In this paper, a new method of cutting 
performance evaluation of end mills was proposed for the machining process of titanium aircraft components. A test benchmark with typical 
difficult-to-cut features extracted from aircraft components was first designed as well as its machining process. In order to comprehensively 
evaluate the cutting performance, fuzzy comprehensive evaluation (FCE) models which considered the tool wear, material removal rate, surface 
roughness and dimension error were developed for rough and finish end milling respectively. Finally, experiments of milling the benchmark 
were carried out, and then the FCE models were applied to evaluate the cutting performance of end mills. The results show that the method is 
suitable and effective to evaluate cutting performance of end mills for titanium aircraft components. 
© 2015 The Authors. Published by Elsevier B.V. 
Peer-review under responsibility of the International Scientific Committee of the “New Production Technologies in Aerospace Industry” 
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1. Introduction 
Titanium alloys possess a combination of excellent 
mechanical properties and high corrosion resistance 
performance which makes them very attractive for aerospace 
applications. They have long been used as irreplaceable 
materials for some airframe and aero-engine components and 
there is no doubt that they will still play an important role in 
the foreseeable future, especially for the large-scale or 
complex shaped parts of aircraft [1-3]. However, titanium 
aircraft component is very difficult to machine not only for the 
poor machinability of material itself but also for the 
complexity of its structure, which imposes more particular 
demands on the cutting tools employed for machining[4]. The 
cutting tools, considered to be one of the most important 
elements in any machining process [5], are of greatest 
importance to the machining quality, efficiency and economy. 
For high performance machining of titanium aircraft 
components to prescribed sizes and shapes with desired 
accuracy and surface integrity, it is important that, besides 
having a proper machine tool, sufficient consideration be 
given to choose the most suitable cutting tools.  
Several strategies have been employed with some success 
in the development of machinability of titanium alloys, 
namely the optimization of machine tools, cutting tools, 
cutting parameters, cooling and lubrication, and others. 
Typically, research on cutting tools is mainly focusing on the 
development of new tool material [6-8], optimization of tool 
geometry [9-11], chemical performance match between tool and 
workpiece material [12]. As for the cutting performance 
evaluation of cutting tools, the current methods are generally 
limited to singly utilizing the tool life/ tool wear, surface 
roughness or cost to evaluate the tool performance, while the 
effects of structural features on the tool performance are 
seldom considered. However, titanium aircraft component 
generally consists of several typical structural features, such as 
thin-ribs, thin-webs, corners, pockets, etc., which always 
easily cause worse machinability of both material and 
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structure. In order to efficiently evaluate the cutting 
performance and select the most suitable cutting tool, 
structural match between tool and workpiece should be paid 
more attention to than before besides the material match. 
During the cutting process, tool performance can be 
assessed by analyzing the tool wear or tool life, machining 
quality or efficiency, machining cost, etc. But it is not easy to 
quantitatively and comprehensively evaluate the tool 
performance ascribed to the complexity of the cutting process. 
Fortunately, the development and application of fuzzy 
mathematics theory provides a feasible method to deal with 
such problems with uncertainty and fuzziness. Since the 
introduction of fuzzy sets by Zadeh in 1965, a plethora of 
fuzzy mathematical structures have been proposed and 
investigated in the literature [13], and some of them have been 
applied in solving various types of problems with uncertainties 
in social, industrial and economic systems. What’s more, 
some fuzzy methods have been developed and applied in 
metal cutting process, such as cutting force control [14], 
evaluation of tool life [15] and cutting temperature field [16]. 
These achievements indicate that using fuzzy method to 
evaluate the cutting tool performance is a definitely feasible 
way. A fuzzy comprehensive evaluation method has ever been 
developed by the authors [17], but it is not precise enough, 
especially for the cutting tools which are close to each other in 
the material and structure due to the weight of factors were 
calculated by a weighted average model and the fuzzy 
operator of the method was merely linear. Therefore, this 
paper proposes a new fuzzy comprehensive evaluation method 
for cutting performance of end mills when machining titanium 
aircraft components. Based on the design of test benchmark, 
fuzzy comprehensive evaluation models for rough and finish 
milling are developed respectively, and then experimental 
verifications are carried out finally. 
2. Design of test benchmark 
In order to simplify the NC programming, a large-scale 
and complicated titanium aircraft component can be divided 
into several sub-structures e.g. pockets and ribs, and then the 
pockets can be re-divided into thin-ribs, thin-webs and corners 
[18]. Moreover, the preliminary research done by the authors 
has indicated the feasibility of evaluating tool performance by 
machining specimen with above structural features [17]. 
Therefore, in this work, a new test benchmark with typical 
difficult-to-cut features extracted from aircraft components 
was designed (as shown in Fig. 1).  

Fig. 1.  3D model of the test benchmark (a) front side; (b) back side 
In the aircraft manufacturing areas, the components 
which are regarded as difficult-to-cut normally has some of 
such features: thin wall, sharp corner, free-form surface, small 
hole, narrow or deep grooves, and it is not easy to guarantee 
the machining quality of those features [4]. For the sake of 
valuating the cutting performance of different end mills to 
structural features as many as possible through one group of 
experiments, the test benchmark is designed to consist of 
three primary structures (pocket 1, 2 and 3), and several 
secondary sub-structures (straight thin-ribs (STR), arc thin-rib 
(ATR), tilted thin-rib (TTR), thin-webs (TW) and corners). 
Compared with pocket 3, pocket 1 and 2 are more difficult to 
machine due to they are composed of different kinds of thin 
walls and sharp corners. 
The main parameters of the benchmark are as follows: 
x Material: annealed Ti6Al4V alloy. 
x Overall size: 186mm × 104mm × 37mm. 
x Thickness of the thin-rib: 2mm. 
x Thickness of the thin-web: 2mm. 
x Depth of the pocket 1: 20 mm. 
x Depth of the pocket 2: 20 mm. 
x Size of the pocket 3: 110mm×60mm×15mm. 
x Radius of the corner (all): 10 mm. 
3. Fuzzy comprehensive evaluation models 
Fuzzy comprehensive evaluation (FCE) is a method that 
estimating single-stage or multi-stage of things containing 
factors with fuzzy difference limit by applying fuzzy 
mathematics approaches [19]. It mainly consists of constructing 
indicator set, establishing evaluation set, constructing weight 
set, calculating fuzzy evaluation matrix of single factor and 
fuzzy comprehensive evaluation [20]. Among those, weight set 
and fuzzy operator are of the most importance [21].  
3.1. Evaluation indicator and its weight set 
In the machining of titanium aircraft component, tool 
wear and material removal rate are concerns for rough milling, 
while the machining quality (surface roughness and 
dimension error) and tool wear are concerns for finish milling 
[17-18]. Thus the same evaluation indicators as presented in Ref. 
[17] were constructed for the FCE modeling. Moreover, 
analytic hierarchy process (AHP) method was utilized for the 
weight set of each evaluation indicator in view of AHP is one 
of the most well-known methods in determining weight of 
factors or criteria [22]. The construction of weight set for each 
evaluation indicator making use of AHP is shown in Tab. 1. 
As for the rough milling process, the weights of the 1st grade 
evaluation indicators, flank wear and material removal rate, 
are set as 0.67 and 0.33 respectively with AHP method. 
Meanwhile, two grades of indicators are defined for finish 
milling process. The weights of the 1st grade evaluation 
indicators, machining quality and flank wear, are set as 0.83 
and 0.17 respectively, and the weights of the 2nd grade 
evaluation indicators, surface roughness and dimension error, 
are both set as 0.5.  
Table 1.  Evaluation indicator and its weight set 
Operations 1st grade indicator Weight 2nd grade indicator Weight 
Roughing Flank wear VB /mm 0.67   
81º 99º 
a b 
Pocket 1 Pocket 2 
Pocket 3 
Straight thin-rib (STR); Arc thin-rib (ATR); Tilted thin-rib (TTR); Thin-web (TW) 
(ATR) (STR) 
(TTR) (TW) 
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Material removal 
rate Q / cm3/min 0.33   
Finishing 
Machining quality 0.83 
Surface roughness 
Ra /μm 0.5 
Dimension error 
Δ /mm 0.5 
Flank wear 
VB /mm 0.17 
 
  
3.2. Fuzzy operator 
The fuzzy comprehensive model can generally be 
defined as Eq. 1[23]: 
ܣιܴ ൌ ሺܽଵǡ ܽଶǡ ǥ ǡ ܽ௡ሻι ൥
ݎଵଵ ڮ ݎଵ௠
ڭ ڰ ڭ
ݎ௡ଵ ڮ ݎ௡௠
൩ሺͳሻ 
where A is weight vector and ai (i=1,2, n) is the weight of the 
element i of A and satisfies σ ܽ௜௡ଵ ൌ ͳ. R is fuzzy relationship 
matrix derived from the indicator set U and evaluation set V, 
rij (i=1,2,…,n; j=1,2,…,m) is membership degree on the ith 
evaluation indicator ui to the jth evaluation grade vj. “º” 
denotes non-linear fuzzy operator which can be expressed as 
Eq. 2[24]: 
݂൫ܽଵǡ ܽଶǡ ǥ ǡ ܽ௡Ǣ ݎଵ௝ǡ ݎଶ௝ǡ ǥ ǡ ݎ௡௝൯ 
ൌ ൭෍ܽ௜ሺ݁௥೔ೕሻఒ೔
௡
௜ୀଵ
൱
ଵ
ఒ
ǡ ߣ௜ ൒ ͳǡ ݆ ൌ ͳǡʹǡ ǥ ǡ݉ሺʹሻ 
where ߣ ൌ ݉ܽݔሼߣ௜ሽ , ߣ௜  is generally defined as integer that 
equal to or greater than 1, but less than 10, in order to 
decrease computational complexity. The higher the impact of 
ui on the evaluation result, the bigger ߣ௜. 
3.3. FCE modeling for roughing and finishing tools 
During the machining process of titanium aircraft 
component, different cutting tools are applied in the rough 
milling and finish milling for the different goals. Thus FCE 
model for roughing tools and finishing tools should be 
developed individually.  
3.3.1 FCE modeling for roughing tools 
Tool life and machining efficiency are general evaluation 
indicators for the rough milling process. A FCE model with 
1st grade evaluation indicators is enough to evaluate the 
cutting performance of end mills. The modeling procedures 
are as follows. 
i. Constructing indicator set U={u1, u2}, where u1 
denotes the flank wear VB, and u2 denotes the material 
removal rate Q. The weight of each indicator can be seen in 
Tab. 1. 
ii. Constructing evaluation set V={v1, v2, v3, v4}, where 
four evaluation grades of the cutting performance of end mills 
are set as excellent (v1), good (v2), general (v3 ) and poor (v4). 
iii. Constructing single-factor fuzzy evaluation matrix 
R=(rij)2u4, where rij (i=1,2; j=1,2,3,4) is the membership 
degree on the ith evaluation indicator ui to the jth evaluation 
grade vj. The membership degree can be determined by the 
membership functions which are mainly based on the 
experience and statistical data in related aircraft industries (as 
shown in Fig. 2). 
iv. Fuzzy comprehensive evaluation. When weights set 
is A=(a1, a2, … ,an ), max-min calculation can be performed, 
namely B=A º R. Where “º” denotes fuzzy operator expressed 
as Eq. 2. Thus we can define Eq. 3 as follow: 
ܾᇱ௝ ൌ ൭෍ܽ௜ሺ݁௥೔ೕሻఒ೔
ଶ
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And then define Eq. 4:  
ܤ ൌ ሺܾଵǡ ܾଶǡ ܾଷǡ ܾସሻ 
ൌ ቆ ܾ
ᇱଵ
σ ܾᇱ௝ସ௝ୀଵ
ǡ ܾ
ᇱଶ
σ ܾᇱ௝ସ௝ୀଵ
ǡ ܾ
ᇱଷ
σ ܾᇱ௝ସ௝ୀଵ
ǡ ܾ
ᇱସ
σ ܾᇱ௝ସ௝ୀଵ
ቇሺͶሻ 
where B is a fuzzy vector which not only represents all 
evaluation elements’ contribution, but also reserves all 
membership degree of every grade. According to the principle 
of maximum membership degree, bk=max(b1, b2, b3, b4) is 
defined to denote the ultimate evaluation result, e.g. the 
evaluation grade of the tool performance.  
In addition, an experience-based critical value δ=0.6 is 
set in this model. When bk <δ, a weighted average model Eq. 
5 can be defined and the value of C can be calculated to 
further evaluate the tool performance [17]. 
ܥ ൌ෍ܿ௜ ௝ܾǡ
ସ
௜ୀଵ
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where ci is the effect coefficient of evaluation result, and 
satisfies σ ܿ௜ ൌ ͳସ௜ୀଵ . In this work, the values of ci (i=1,2,3,4) 
are set as 0.4, 0.3, 0.2, 0.1 individually. 
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(a) Membership function of flank wear 
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(b) Membership function of material removal rate 
Fig. 2.  Membership function of evaluation indicator for roughing tool 
3.3.2 FCE modeling for finishing tools 
For the finish milling process, the evaluation indicators 
are more than those of rough milling and are of hierarchy. 
Thus a FCE model with 2 grades evaluation indicators is 
developed to evaluate the tool performance. The modeling 
procedures are as follows. 
i. Constructing indicator set U={U1,U2}={{u1,u2}, 
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{u3}}, where the 1st grade indicators U1 and U2 represent 
machining quality and tool wear respectively, the 2nd 
indicators u1, u2, u3 denote the surface roughness Ra, 
dimension error Δ, flank wear VB respectively. The weight of 
each indicator at different grades can be seen in Tab. 1. 
ii. Constructing evaluation set V={v1, v2, v3, v4}, where 
four evaluation grades of the tool performance are set as that 
of FCE model for roughing tools. 
iii. Constructing single-factor fuzzy evaluation matrix 
R=(rij)2u4, where rij (i=1,2; j=1,2,3,4) is the membership 
degree on the ith evaluation indicator ui to the jth evaluation 
grade vj. The membership degree can be determined by the 
membership functions shown in Fig. 3, which are also mainly 
based on the experience and statistical data in related aircraft 
industries. 
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Fig. 3.  Membership function of evaluation indicator for finishing tool. 
iv. FCE for 2nd grade indicator set U1 and U2. 
For U1, the weight set is A1=(α11ˈα12). According to 
Tab.1, the weight of each indicator is 0.5, and then A1=(0.5ˈ
0.5). Based on the single-factor fuzzy evaluation matrix 
R1=(r1ij)2u4 and Eq.2, we can define fuzzy vector ܤᇱଵ as follow. 
ܤᇱଵ ൌ ܣଵιܴଵ ൌ ሺܾᇱଵଵǡ ܾᇱଵଶǡ ܾᇱଵଷǡ ܾᇱଵସሻ 
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The formula of normalization processing to Eq.6 is given 
as follow. 
ܤଵ ൌ ሺܾଵଵǡ ܾଵଶǡ ܾଵଷǡ ܾଵସሻ 
ൌ ቆ ܾ
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ǡ ܾ
ᇱଵଶ
σ ܾᇱଵ௝ସ௝ୀଵ
ǡ ܾ
ᇱଵଷ
σ ܾᇱଵ௝ସ௝ୀଵ
ǡ ܾ
ᇱଵସ
σ ܾᇱଵ௝ସ௝ୀଵ
ቇሺ͹ሻ 
In the same way, the 1st grade FCE result set B2 can be 
defined as B2=(b21, b22, b23, b24)=R2=(r2ij)1u4 with regard to 
one element existing in the indicator set U2. Where R2 is fuzzy 
relationship matrix derived from U2 and evaluation set V. 
v. FCE for the 1st grade indicator set U. 
As for U={U1, U2}, the weight set A=(α1, α2)=(0.83, 0.17) 
according to the Tab. 1. The whole FCE matrix is given as 
follow. 
ܴ ൌ ൬ܤଵܤଶ൰ ൌ ൬
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Then we define fuzzy vector ܤǯas follow.
ܤᇱ ൌ ܣιܴ ൌ ሺܾᇱଵǡ ܾᇱଶǡ ܾᇱଷǡ ܾᇱସሻ 
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By introducing normalization processing to Eq.9, the 
ultimate evaluation result can be calculated according the 
principle of maximum membership degree. Furthermore, 
when bk <δ, the value of C (in Eq.5) will be calculated to 
further evaluate the cutting performance of end mill. 
4. Experiments and analysis 
4.1. Experimental setting 
Machine tool: The experiment was carried out on 
Mikron UPC 710, which is a five-axis machining center 
having maximum rotational speed of 18,000 rpm, a feed rate 
up to 20 m/min, and a rated power of 15 kW. 
End mills: The end mills for roughing are large feed 
milling tools with coated cemented carbide inserts provided 
by Walter (as shown in Fig. 4a). The insert grades are 
WSM35S and WSP45S, which indicate the different PVD 
coating grades. Six inserts of each grade (2 inserts per pocket) 
are used in the rough milling process.  
The end mills for finishing are solid AlTiN coated 
cemented carbide tools provided by Walter and M.A. Ford (as 
shown in Fig. 4b). Two of each kind of solid end mill are used 
in the finish milling process. 
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(a) rough milling tools                          (b) finish milling tools 
Fig. 4.  Rough and finish milling tools. 
The specifications of the roughing and finishing end 
mills are given in Tab. 2. 
Table 2.  Cutting tools used for experiments. 
Process  Grade Diameter (mm) tooth 
Corner  
radius 
(mm) 
Helix 
angle 
(o) 
Rake 
angle 
(o) 
Clearance 
angle 
(o) 
Roughing 
WSM35S 25 2 / 0 16 14 
WSP45S 25 2 / 0 16 14 
Finishing 
MC326 16 4 0 50 12~14 5~8 
17762900A 16 4 0 35/38 12~14 5~8 
Measurement tools: An optical microscope was used 
for the measurement of tool wear (flank wear VB) after 
each experiment. The surface roughness Ra and dimension 
error of the completed specimens were measured respectively 
through the Mahr S3P surface roughness Tester and 3D 
coordinate measuring machines. 
Machining process: For the rough milling, counter-
parallel milling (as shown in Fig. 5) was applied for the 
pocket 1, 2 and 3. The end mill spirals downward and 
gradually cut into the middle part of the pocket, and then 
feeds inside-out and layer by layer. The machining allowance 
is 2 mm. The cutting parameters are given in Tab. 3.  
  
(a) pocket 1 and 2                                      (b) pocket 3 
Fig.5  Schematic diagram of tool path for rough milling  
For the finish milling, cutting parameters set is different 
from milling thin-web and milling thin-rib (as shown in Tab. 
3). The machining process making full use of rigidity of uncut 
part was applied in the finish milling. For the milling of thin-
web, counter-parallel milling was used, and the rough 
machining allowance in axial direction (2 mm) was divided 
into 1.5mm and 0.5mm (i.e. ap=1.5mm, 0.5mm). With respect 
to the milling of thin-rib, the rough machining allowance in 
radial direction (2mm) was also divided into 1.5mm and 
0.5mm (i.e. ae=1.5mm, 0.5mm). 
Table 3.  Cutting parameters set. 
Process  Cutting speed vc (m/min) 
Feed per tooth fz
(mm/z) 
Radial depth 
of cut ae (mm) 
Axial depth of 
cut ap (mm) 
Roughing 80 1.0 12.5 0.6 
Finishing  
(thin-web) 
110 0.12 6 1.5 
110 0.12 6 0.5 
Finishing  
(thin-rib) 
60 0.08 1.5 6-7 
60 0.08 0.5 6-7 
4.2. Results and discussion 
Two benchmarks were machined in the experiments (as 
shown in Fig.6 and Fig.7). During the experiments, Flank 
wear VB and material removal rate Q of each insert were 
measured and calculated after rough milling (as shown in Tab. 
4). Based on the measurement results, the evaluation results 
were calculated and shown in Tab. 5 by utilizing the FCE 
Model for roughing tools. 
  
(a) front side                                            (b) back side 
Fig. 6.  Test benchmark after rough milling  
  
(a) front side                                            (b) back side 
Fig. 7.  Test benchmark after finish milling  
When evaluating the cutting performance of different 
end mills, the principle of maximum of membership degree 
(MMD) was first chosen in this work. If the MMD is less than 
the critical value δ=0.6, the value of C should be calculated 
for further evaluation. As shown in Tab. 5, the insert 
WSM35S is better than WSP45S for the rough milling of 
pocket 1, 2 and 3 according to the both ultimate results of 
MMD and C. 
Table 4.  Experimental results of rough milling. 
Features  Inserts  Flank wear VB (mm) 
Material removal rate  
Q (cm3/min) 
Pocket 1 WSM35S 0.084 15.2 WSP45S 0.140 
Pocket 2 WSM35S 0.090 15.2 
WSP45S 0.153 
Pocket 3 WSM35S 0.078 15.2 
WSP45S 0.116 
Table 5.  FCE results for roughing tools. 
Features Inserts Results of FCE Ultimate results 
Excellent Good General Poor MMD C 
Pocket 1 
WSM35S 0.685 0.315 0 0 0.685 (excellent) 0.369 
WSP45S 0.004 0.996 0 0 0.996 (good) 
0.300 
Pocket 2 WSM35S 0.621 0.379 0 0 0.621 0.362 
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(excellent) 
WSP45S 0.005 0.895 0.101 0 0.895 (good) 
0.291 
Pocket 3 
WSM35S 0.739 0.261 0 0 0.739 (excellent) 
0.374 
WSP45S 0.238 0.762 0 0 0.762 (good) 
0.323 
Furthermore, due to the material removal Vcut of 
roughing for pocket 1, 2 and 3 are very close to each other 
(Vcut1=98.2 cm3, Vcut2=99.8 cm3 and Vcut3=99 cm3), the 
conclusion can be drawn as follows:  
(1) For the insert WSM35S, the declined trend of its 
cutting performance for the features is pocket 3, pocket 1 and 
pocket 2 according to both ultimate results of MMD and C.  
(2) For the insert WSP45S, the declined trend of its 
cutting performance for the features is pocket 1, pocket 2 and 
pocket 3 according to the ultimate results of MMD, but pocket 
3, pocket 1 and pocket 2 according to ultimate results of C. 
The latter looks like in keeping with that of WSM35S.  
(3) For both inserts, the declined trends of their cutting 
performance for the pockets also indicate the degree of 
machinability of structural features to each end mill. 
Table 6.  Experimental results of finish milling. 
Features End mills 
Machining quality Flanck wear 
VB (mm) Surface roughness  Ra (um) 
Dimension 
error Δ (mm) 
Pocket 1 MC326 0.335 
0.0684 0.036 
17762900A 0.532 0.0558 0.030 
Pocket 2 MC326 0.285 0.0471 0.056 17762900A 0.406 0.0190 0.047 
Table 7.  FCE results for finishing tools. 
Features Tools Results of FCE Ultimate results Excellent  Good General  Poor MMD C 
Pocket 1 
MC326 0.144 0.393 0.294 0.169 0.393 (good) 0.251 
17762900A 0.025 0.195 0.779 0 0.779 (general) 
0.224 
Pocket 2 
MC326 0.345 0.504 0.151 0 
0.504 
(good) 
0.319 
17762900A 0.516 0.482 0.002 0 0.516 (excellent) 
0.351 
Tab. 6 shows the measurement results of finish milling 
pocket 1 and 2, i.e. surface roughness Ra, dimension error Δ 
and flank wear VB. Among which, the surface roughness and 
the dimension error are the average of all measured results for 
thin-ribs and thin-webs in a pocket. Based on the values given 
in Tab. 6, the evaluation results were calculated and shown in 
Tab. 7 by utilizing the FCE Model for finishing tools.  
As shown in Tab. 7, it indicates that some of the ultimate 
results of MMD are less than the critical value 0.6. Then the 
value of C should be calculated for further evaluation. For the 
finish milling of pocket 1, the end mill MC326 is better than 
17762900A according to the ultimate results of C. But the end 
mill MC326 is worse than 17762900A for the finish milling 
of pocket 2. In addition, the declined trends of cutting 
performance of the end mills MC326 and 17762900A for the 
features are both pocket 2 and pocket 1 according to ultimate 
results of C. It also indicates that pocket 2 has a higher degree 
of machinability than pocket 1 to both end mills MC326 and 
17762900A. 
5. Conclusions 
A new method of cutting performance evaluation of end 
mills was proposed for the machining of titanium aircraft 
components, and the experiment results verified its feasibility.  
The test benchmark with typical difficult-to-cut features 
extracted from aircraft components is very convenient to 
detect the degree of structural match between tool and 
workpiece besides their match in materials.  
The fuzzy comprehensive evaluation models which 
consider the tool wear, material remove rate, surface 
roughness and dimension error were developed for rough and 
finish end milling respectively. Utilizing the models, the users 
are easy not only to evaluate the tool performance for every 
feature, but also to assess the machinability of different 
features to each kind of end mill. 
According to the detailed experiment results, it was 
found that the insert WSM35S is better than WSP45S for the 
rough milling pocket 1, 2 and 3. Furthermore, the solid 
carbide tool MC326 is better than 17762900A for the finish 
milling pocket 1, but worse than 17762900A for pocket 2 with 
tilted thin-rib. It also indicates that structural match between 
tool and workpiece is of importance in machining the titanium 
aircraft components.  
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